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It is a well known fact that the number of species appearing in an animal or 
a plant community varies with the area of the habitat observed. The number 
of species of a fauna or an animal group in islands has alsb been found to con for~ 
to the area of the island, e.g., as butterflies in the Japanese islands (1). Recently 
thp writer has studied the geographical distribution of sevGral an~mal groups in 
the Japanese Archipelago and its adjacent islands' and obtained the concl!lsio~s 
that the number of species of any gro~p increases in preportion to logarithms of 
the area, that the biogeographical region can be settled by this relation, and that 
the coefficient of closeness proposed by Otuka (2) is very useful to the 
biogeographical subdivision. Regarding Cicadidae {3) and Manchurian Ceram-
bycidae (4) the results have preliminarily been reported, and then those details are 
deScribed regarding several other anirpal groups in the present paper. 
RELATION BETWEEN THE NUMBER OF SPECIES AND THE 
AREA OF ISLANDS (NAR) 
For the relation between the numbecr of species (y) which occur in a plant 
·community· an(l the. area (A) where the survey was carried out, several formulae 
have bee11 proposed by Arrhenius, Romel1 and Kyli11. Of these formulae, Romell's 
one has been adopted to an insect-community in a grass land by Motomura (5) in. 
the form of 
(I) 
where a and b are constants. Furtheniwre it has been found that (1) can b~ used 
to faunae in complicated tracts larger than the minor habitat occupied by an 
* ])cdicatcd to Professor Emeritus Dr. Shinldshi Hatai, the founder of the Marine 
BiologiC<Il Station of Asamushi. 
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· a?imal community, e.g., to Cicadidae (3) and Manchurian Cerambycidae (4) 
d1stnbuted mto the Japanese and adjacent islands, and here to mammals (6), (7), 
(8), (9), (10), reptiles (11), amphibians (12), (13), (14) (Fig. 1), Chilopoda (15), (16), 
Rhopalocera (IL (17) (Fig. 2) and Cladocera (IS) (Fig. 3). On calculating the 
number of species m every groups, subspecies or varieties were included in the 
species to which they belong. But only in Chilopoda the number of genus was 
treated because of the source of data. 
In the case of mammals the speCies, which are able to go across the sea or to 
be artificially brought to other islands, viz., marine and aerial animals or several 
species of Muridae, Rattus norvegicus, R. rattus, M-us molOssintts, J.l;/ ntttsculus, 
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Fi~. 1. NAR.. ~'he thick lines denote the formula (1), the thin the rejection Ii!~1 its 
at I Yo ~e~el o.f Stgmficance, and the broken those at 5% level. Various sorts of point 
sh~w dtsbnctJon of the region except!.!) ii: Mammalia: The figures attached to the 
pomts are the symbols of thC islands corresponding to those in ·Table 1-·6. In Mammalia 
(13, 14, 15) is the sum of Honsyft, Sikoku and Kyitsyf1, and the valtws of the Kurilc 
and the Loochoo are also the sum of several islands respectively, 
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M. caroli and Apodeinus geisha, are excluded following Tokuda's (G) opinion. 
Therefore only the species taken as the aborigine were· summed up. 
For all kinds of animal groups here treated, the formula (I) has been proved 
to fit the case, and in every case several. islands have been eliminated from the 
rejection-limits of this formula at 1 Ot:" 5 % level of significance, e.g., as Formosa 
and Hainan in Mammalia, and as Korea, Honsyf1, Kyftsyf1, Sikoku and Tusima 
rejected out of the lower limit and Okinawa and Kumezima out of the upper limit 
in Gekkonidae, and so on (Fig. 1-2). But in the case of Chilopoda Korea, 
Hokkaido and Quelpart Island are together arranged in another NAR with 
Saghalien. In Rhopalocera Hokkaicl6, Kunashir, Shikotan, Risiri and Rebun are 
included in another NAR differing from Honsyf1 group, and the Kurile Islands 
north of Itur~p also belong to a group fitting in an NAR. However, among the 
isl~nds smaller than 10 km 2 no correlation exists between the rlumber of species and 
"' ·1§ 20 Chilopoda 
~ 
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Fig. 2. NAR. The n'otation is the same as in fig. 1, 'except that thick and thin, 
dotted lines show another NAH. and its rejection limits respectively. 
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the area (Fig. 2). Clandocera shows a trend of NAR in the Kurile Islands (Fig. 3). 
Fro,m the results- above mentioned, the ecological, geographical region has 
been decided as shown by the thick lines in Fig. 4 in view of the NAR as already 
discussed in case of Cicadidac (3). Hereafter it may be called the ceo-geographical 
region or EGR. It is often difficult to classify small islands into EGR, for NAR 
has a tendency to converge into a certain range of small area and accordin,gly the 
intervals of the rejection· limits of two regression lines overlap each other. But 
in many cases those islands can also be separated .into respective regions from the 
_view-point of their geographical locality. 
SUBDIVISION BY MEANS OF THE COEFFICIENT OF CLOSENESS 
In the same manner as previously shown on Cicadidae (3), EGR was further 
snb-divided by the method of the rejectimi-limit or by Thompson's method of 
rejection concerning the value of p( = cj..; y 1 y,), the coefficient of closeness. (2), 
among the islands (Tables 1-6), \vhere c is the number of commOn species and 
y 1 aJ?d y 2 arc the number of species in each tract respectively. That is, an island 
being a centre, a set of P-values between the centre and the other islands is 
stratified by successive rejection of extreme values in the order of magnitude at 
5 %probability level; supposing these values as approximately following the normal 
distribution. · By this stratification islands may be classified into several groups. 
An unfavourable condition occurs, however, that several ki.nds of classification may 
a,ppear as many as .the number- of the islands in question. B1,1t in many cases 
boundaries hy these classifications c?incicled with each other so Cntirely or partly 
that the unified sub-division could be carried out. A _part of the region thus 
divided may be called the "district", and this is further sub-divided into the "sub-
district" by a single stratification repeated concerning a set of p among all islands 
within a district (Fig. 4). But unsurveyed islands or those of which data have not 
yet been obtained have been left out ·of consideration. Therefore theSe divisions 
may be revised in future. 
DISCUSSION 
The capacity of a definite area to accomodate a definite number of species or 
genera should be determined by a definite subjective environment of the animal 
in the habitat. The region having such an environment is to be considerably large. 
The island is in general a comp~icated environmeot of varioUs topographic features. 
The topographic complexity brings various microclimates with various vegetations, 
but the range of climatic fl>Ictuation is generally limited by the locality, e.g., the 
latitude. Such a complicated environment becomes a habitat for various kinds 
of animal community. By every opportunity of distribution, the animal can 
invade a new habitat, which can maintain a certain community according to its 
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Table 5 
Number of common specieS (c) 
Rhopalocera 
in the Kurilc Is. 2 3 4 5 G 7 8 9 II 10 
-----··-~-~ 
2. A laid 2 I I 0 I 2 2 2 
3. Shumshir 50.0 2 0 0 0 l I I 
I 
4. Paramushir 57~ 57 8 I 2 2 3 
4 4 4 
* 5. Rashau 70. 0 41.2 
I 0 0 I 1 f 
.s G. Ketoi 50.0 0 1;7.8 
70.7 1 1 2 2 2 
7. Simusir 0 0 57.8 0 50.0 2 2 2 2 
"' s. Urup 31.6 31.6 54.8 0 31.6 63.2 5 
4 5 
9. Iturup 42.7 21.3 49.2 30.1 42.7 42.7 &7.4. 7 10 
II. Shikotan 33.3 16.7 38.4 23.6 33.3 33.3 42.2 49.7 17 
10. Kunasl1ir 21.8 10.9. 25.2 15.4 21.8 21.8 34.5 46.5 61.8 




Number of common species (c) 
in the Kurile Is. 4 7 ~I 10 Jl 
-----
* 
4. Paramushir 12 10 14 5 
7. Simusir 70.9 7 8 3 
.s 9. Iturup 55.0 50.1 12 G ..,. 10. Kunashir 66.7 49.6 69.3 5. 
11. Shikotan 43.5 34.0 63.2. 45.6 ------· 
Number of species (y) 22 13 15 20 G 
adaptability or sele~·tivity for the habitat in proportion to the locomotive ability. 
Each animal segregates its habitat ·so that an animal community should occupy 
a necessary space. The increase of the population density may accordingly bring 
an expansion of, the living space. 
Thus, it is natural that the number of species or genera which appears it~ the 
island, viz., the bounded tract of land, is regulated by the area of the island as a 
measure of the .space or as that of the complexity of environment, and the NAR 
has tentatively been found in the formula (1) existing in a definite region. From 
(I). 
A dyj dA =a .......................... (2) 
(2) means that the increase of the density of the number of species or genera is 
constant in any· area within a definite region, i.e., (2) is accepted as the potential 
capacity of the nu~ber of species or genera in the definite region. The constancy 
of the potential capacity in the definite region means that within this region the 
ecological and geographical factors for animal distribution are kept in a certain 
extent of homogeneity, i.e., such a region is to be recognized as an EGR. It has 
been suggested that a fauna of a tract may invade an EGR according to the law 
of NAR (e.g., Manchurian Cermabycidae into the Japanese Archipelago (2)) and 
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that the faunistic equilibrium brought by such mutual invasions of each native 
fauna_ among the tracts in- and outside of an EGR ·may come to be expressed by 
the NAR, (!). 
\:Vithin an EGR limited· by such a category, animal communities should be 
almost similar in any par~ of the region. However, because of that the area of the 
region is considerably large beyond the distribution of each species or genus 
limited within a comparatively sma1ler tract, and that such a tract of distribution 
is connected like_ a chain overlapping with each other, continuous faunistic gra-
dients may be fo~nd from one encl to another within an EGR~ but in case of a 
group of isla~ds they may be interrupted by the sea or straits. In fact- a con-
tinuous change of fauna has been observed in the marine animals along the coast 
of Japan (19) where any factors for abruption ~night scarcely exist. In this case, 
pis a functim} of the latitudinal difference, Vl:z., the distance from north to south. 
Environmental differences caused ·by the distance may he more important in the 
latitude than in the longitude. Therefore the interruption of p corresponds 
mainly to that of environment caused by the distance from north to south. 
In the present case· of land animals, p has been often discontinuons and 
str_atified into several . groups by several straits which may be harriers of 
distribution (Fig. 4). The sub-divided district or sub-district mus.t have a 
homogeneous environme.~t for "an animal community containing the animal group 
in question. 
The slope of NAR, a, takes a different value according to animal groups ancl 
to the EGR. The differences by the animal gr_oup may be cailSed by the differences 
of the subjective environment for Cach animal group, and those of the same animal 
group ~ccording t~ the EGR may coffie "of the objective environmental differences 
among the regions. Generally speaking a southern region has a· higher capacity 
than· a northern one. ~ut as regards Gekkonidae, Okinawa and its adjacent 
islands have a higher capacity than Fc:mnosan region lying south of the former 
does. This fact is perhaps a special case caused by the adaptability of this animal 
g~oup for this regi"on superior to that for Formosan region. 
When y ~ o in (I), A, ~ log-'(-bfa), and when y ~ I, A, ~ log-'{(1-b)/a}~ 
A 0 arid A 1 means the critical area, viz., the average area in which no species (genus) 
or only a species (genus) can live respectively (Table 7). It is very clear that in 
northern EGR both A 0 and A1 arc larger than in southern ones as seen in the values 
of Rhopalocera and Chilopoda. Although the potential capacity, a, is almost equal 
in Honsyf1 and Hokkaid6 regions in Rhopalocera, the difference between A 0 or A1 
is mar~<edly clear in both regions. It is also concluded that the animal with larger 
body, e.g., Mammalia, has higher values inboth A,,anc\ A, than that with smaller 
one, e.g., the insect-groups, in the similar regions. But Caudata is an exception, 
for this animal group live in .a particular environment of .fresh water whi.ch is com-
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Table 7 
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Honsyll R. 2. 226 
Formosa R. 1.513 































paratively rare and occupies only a limited area in a tract of land, and accordingly 
this grouP need relatively large tract in s>rcler to contain the enviroiJment necessary 
to live. On the contrary, Gekkonidae's values arc very small, for the living space 
of this group living on trees or houses is very large even in a narrow tract. Conse-
quently these critical areaS are closely connected with the extent of niche of the 
animal group. 
The boundaries of the geographical regions have ever been discusSed by many 
biogeog~aphers, until it comes.to a conclusion that they differ according to animal 
groups and are merely convenient in order to dis.tinguish the biogeographical 
regions (G), (20). In the 1jresent case too the geographical division is of statistical 
meaning that the homogeneity.of the potential capacity and the closeness of fauna 
between islands i'i' statistically stratified under a definite probability. 
As regards Mammalia, Yakusima and Tanegasima are closely related to Iki 
as well as Old is to Sado with a high coefficient (Fig. 4.). It may perhaps have 
been caused by an influence of the Tusima Warm Current, or by a closeness come 
of the similci.rity of the small area ·against the·large islands as Honsyf1 arid KyflsjrU. 
Such a case as the latter is also seen among the small islal!ds around Formosa, 
viz., Bokot6, Betel Tobago and Samasna, regarding Gekkonidae. It is an 
interesting and peculiar phenomenon that as regards Gekkoniclae, Amami-6sima 
is clo_sely related \Vith Koree1:, but the cause is unknown. That Korea, Saghalien 
and Hokkaido are closely connected as regards Cauclata and Chilopoda probably 
depends on that these clistri~t~ are located near the continent and under its 
influence. 
Regarding Rhopalocaera the formula, y' = kA, where k is a constant, had 
already been proposed by Nomura (1), but this formula was limited to fit in with 
islands below GOO km 2 • On the contrary the formula (I) covers a wider range of 
area except islet<; below 10 km2. An.d he has nOt used the data of many islands 
by reason of insufficient survey, but in my opinion the errors caused by the 
insufficiency of the survey are so small in many. cases that they are contained 
within the range of the statistical eriors in fitting the formula, e.g., in Honsyf1 region 
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only 5 of 37 islands fall outside of the 5 °,{, rejection limit. The reason why the 
islets below fo km 2 contain an exceeding number of species over the critical point 
is left to be clarified in ·future, but a small part ,of it may exist in a fact that 
several of these islets are so adjacent to main islands that the number of species 
may increase by migration. 
SUMMARY 
1) Regarding Mammalia, Gekkonidae, Candata, Chilopoda, Rhopalocera, 
and Cladocera, the geographical distribution in the Japanese and adjacent islands 
haS· been discussed. 
2) Between the number of species or genera (y) and the area of islands (A) 
the following relation exists in a definite region : 
y =a log A+ b 
where a and b are constant. 
3) This formula means that the potenital capacity with which the number 
of species or genera is maintained is constant in the ecogeographical r_egion. 
4) In general, the }':>otential capacity is highe:r in southern regions than in 
northern ones. The critical area containing no species or only one species is 
generally smaller in southern regions than in northern ones. It may also be 
determined by the extent of niche. 
5) By means of the stratification of the coefficient of closeness among the 
islands to ecogeographical region is divided into se\!"eral districts and further into 
sub-districts. .These biogeographical divisions show an· extent with a certain 
ecological homogeneity in the habitat. 
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